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Abstract: A general Cy vinylic homologation from carbonyl compounds (aldehydes or ketones)
which leads to various w,B8-insaturated acids, esters and amides, is described.

a,B-Unsaturated acids and derivatives are well recognized as useful building blocks in organic
synthesis and various methods to prepare them are published. Recent publications! report the known methods
that allow to reach such compounds with the predominant E geometry.

Herein, we report a general, straightforward synthesis of such 2-alkenoic acids and derivatives starting
from various carbonyl compounds. Qur procedure is based upon two keys steps. An initial reaction between
2,2-difluorovinyl lithium, prepared in situ with 1,1-difluoroethylene and s-BuLi, and carbonyl compounds A
leads to 8,B-difluorinated allylic alcohols B for which we have previously described the preparationZ.
Secondly, the intermediate alcohols B can undergo an allylic rearrangement in acidic medium to afford the
corresponding acid derivatives, and a nucleophilic attack in basic medium to afford amides.
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1) CFa=CHLI H30* or MeOH
A'R?C20 ———— = R'RZC(OH}-CH=CF; w3 R'R?’C=CH-COZ ( Z = OH, OCH,, NEty)

2) H;0* or Et;NLI

R! R? Products Configuration® | Yield | b.p. or
(%) m.p.
n-Pr H Pr-CH=CH-COOH 1 E 60 | m.p. 32-33°
Ph CH, | Ph-C(CH)=CH-COOH 2 E 80 | m.p. 95-97°
(Z)-n-Pr-CH=CF H | Pr-CH=CF-CH=CH-COOH 3| E,Z 75 | decomp.
(CH,)4 (CH,)C=CH-COOCH, 4 - 67 | b.p. 42°/0.01

Thienyl H | Th-CH=CH-COOCH, § E 80 | m.p. 50-51°
n-Pent-CzC H | Pent-C:C-CH=CH-COOCH, 6| E/Z=85/15 | 75 | *b
(E,E)-Me-(CH=CH), H | Me-(CH=CH),-COOCH; 7 E,E,E 70 | m.p. 75°
n-Pr ( H Pr-CH=CH-CONEt, 8 E 70 | =b
(E)-n-Pent-CH=CH H | Pent-(CH=CH),-CONEY, 9 EE 67 | *=b

a; E/Z ratio determined by 'H NMR
b: products are purified by flash silica-gel chromatography (cyclohexane/EtOAc=80/20" or 50/50**).

When the alcohols B are treated by a suifuric acid solution (94%), they undergo rapid allylic migration
to give the intermediate acid fluorides,
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In such acidic conditions, these intermediate acid fluorides, which are not very stable compounds,
cannot be isolated. They lead rise in presence of water or alcohols to the corresponding «,B8-unsaturated
acids or esters respectively.

On the other hand, in basic medium, the treatment of alcohols B by lithium amide, affords amides.
Three equivalents of lithium amide are necessary: i) metalation of alcohol; ii) elimination of HF to led to a
fluoroalkyne; iii) substitution of a fluorine atom by an amino group® according to an addition-elimination
mechanism to afford an ynaminol.
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The action of lithium diethylamide on 1,1-difluoroalkenes is a convenient route to ynamines4. In our
case, the intermediate ynaminol is transformed into a,8-ethylenic amideS.

2 Et,NL} . Et NLI , H,0
B i l R'R*C(OLI}CEC-F  ~—m R'RZC(OLI-CEC-NEt, ]--» A'R*C=CH-CO-NEt,

This synthesis possesses several advantages: a wide variety of aliphatic and aromatic carbonyl
compounds, aldehydes but also ketones, are commercially available, and CF,=CHLI is readily prepared and
used in situ. The reaction (two steps) is convenient and very fast to carry out: alcohols B is used crude
without further purification and gives directly acid, ester or amide.

This reaction is stereoselective (if R2=H or if Ri=Ph and R?=Me, only one isomer is obtained,
having the E configuration; in the case of the enynic compound 6, the two isomers are obtained
(E/Z=85/15), due to the isomerisation of the intermediate carbocation before the nucleophilic attack) and
regioselective (in the case of polyinsaturated carbonyl compounds, several migrations are possible in acidic
medium, but only the irreversible formation of «,8-unsaturated acid fluoride is observed, due to the stability
of fluorocarbocation).

Experimental procedure: the treatment of carbonyl derivatives A with 2,2-difluorovinyl lithium,
prepared in situ from 1,1-difluoroethylene and s-BuLi in THF and Et,0 (80/20) at -100°C (15 min), leads to
the difluorinated alcohols B. The latter are unstable and must be used crude. To obtain: i) the acid: the
alcohol B (20 mmol) is added at -15°C to a stirred solution of 94% sulfuric acid (30 ml) (10 min). The
mixture is poured on to crushed ice and then extracted with EL0; ii) the ester: the alcohol B (20 mmol) is
added at 20°C to a stirred solution of CH,OH (30 ml) and 94% sulfuric acid (0.5 ml) (2 h); iii) the amide:
the alcohol B (20 mmol) is added at -70°C to a solution of EL,NLI/THF (70 mmol). Stirring is continued for
1 h at 20°C. The products are purified by distillation (4), recrystallisation from hexane (1,2,3,5,7) or flash
silica-gel chromatography (6,8,9). As all intermediate alcohols B are unstable, all yields are based on the
starting carbonyl compounds A.

In conclusion, this route appears to be a general and highly regioselective methodology for the
introduction of acid, ester and amide function in various insaturated systems (alkenes, styrenes, dienes,
trienes); this reaction allowed us to prepare readily products® of high stereoisomeric and chemical purities,
in good overall yields and in two steps from available starting materials.
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